We present narrowband Hα imaging of nearby Wolf-Rayet (WR) galaxies known as a subset of starburst galaxies. The Hα images have been used to show morphology of starforming regions in galaxies, which leads to speculate that the studied galaxies have most likely experienced merger or interaction with low luminous dwarf galaxies or HI clouds. We further derive the Hα based star formation rates (SFRs) in galaxies using our Hα observations. These SFRs are well-correlated with SFRs derived using other indicators at far-ultraviolet, far-infrared and 1.4-GHz radio wavebands. It is noticed that the infrared excess (IRX) method gives the best SFR estimates, consistent with different models predication. These models also predict that the sample galaxies have probably gone through a continuous star formation at least for 1 Gyr over which the recent (< 10 Myr) star formation has taken place in WR phase. This study presents Main-Sequence (MS) relation for nearby WR galaxies for the first time. This derived MS relation is found to be similar to previously known MS relation for normal nearby star-forming galaxies, suggesting that WR systems evolve in a similar fashion as normal star-forming galaxies evolve.
INTRODUCTION
A subset of starburst HII galaxies known as Wolf-Rayet (WR) galaxies are classified based on broad optical emission features of HeII λ4686 and CIV λ5808 lines, originated in the stellar winds from a substantial population of WR stars (Allen et al. 1976; Osterbrock & Cohen 1982; Conti 1991) . Such features in WR galaxies are often seen after 2 to 5 Myr of initial star formation for a short duration (t WR 0.5 Myr), until WR population end their lives in supernovae (Meynet & Maeder 2005) . Due to a large population of WR stars, a very high ratio of WR to O-type stars in WR galaxies suggests that star formation in these systems takes place in burst mode in a short period with a rather flat initial mass function (IMF). This leads to classify the WR galaxies as starburst systems (Contini et al. 1995) . All these properties of WR galaxies reveals that they host ongoing star formation activities (< 10 Myr), and are ideal systems to study onset of star formation and its triggering mechanism.
In order to measure star formation rate (SFR), there are several tracers such as far-ultraviolet (FUV), Hα line emission, farinfrared (FIR) and radio continuum etc. However, these indicators ⋆ E-mail: paswanabhishek@iucaa.in † E-mail:kanak@iucaa.in ‡ E-mail:aomar@aries.res.in trace different star formation histories in galaxies and predict different estimates of SFR due to their different sensitivity over ongoing physical processes in the interstellar medium (ISM) of galaxies. The details of these tracers are widely discussed in the literature (e.g., Condon 1992; Kennicutt 1998; Calzetti et al. 2007; Salim et al. 2007; Murphy et al. 2011) . Apart from the SFR estimation, the knowledge of its triggering mechanism is equally important. Although there are various mechanisms which trigger star formation in galaxies, one of these mechanisms is tidal interaction/merger of galaxies or HI clouds. This mechanism can be easily traced through studying morphological features of star-forming regions and stellar component in galaxies (e.g., López-Sánchez 2010; López-Sánchez et al. 2012; Lelli et al. 2014; McQuinn et al. 2015) .
Despite the WR galaxies are interesting systems for probing physical processes involved in star formation in galaxies, very few detailed studies of WR galaxies have been found in the literature (López-Sánchez 2010; Karthick et al. 2014; Jaiswal & Omar 2016) . It is therefore worth to expend such studies using a larger population of WR galaxies. We here report our Hα and r-band imaging of a sample of new 13 nearby WR galaxies, selected from the catalogues of Schaerer et al. (1999) and Brinchmann et al. (2008) . The selected galaxies have diverse morphological types varying from low-mass dwarf irregular galaxies to large spiral galaxies. They are chosen such that their redshifted Hα emission could be observed with the narrow-band Hα filter available on the observing telescope. Furthermore, the galaxies were constrained to a declination > -25 0 , so that they could be observed for sufficient integration time in a single observing night. The galaxies are brighter than 17.5 mag in Sloan Digital Sky Survey (SDSS) rband and have sub-solar metallicities. Their stellar masses lie in the range of 10 5.5 − 10 10.5 M ⊙ .
In this study, we present the morphologies of ionized gas and stellar component in galaxies to see any imprint of tidal interaction/merger features using Hα and r-band observations. We exploit our observed Hα data in the estimation of global Hα-based SFRs which are further compared with other SFRs from different indicators at FUV, FIR and radio wavebands. This study makes an effort to better understand the ongoing physical processes in WR galaxies by investigating the consistency between different SFR indicators. Here, we include more other sample of 45 WR galaxies from López-Sánchez (2010, ; hereafter LS10) and Jaiswal & Omar (2016, ; hereafter JO16) , to make our results statistically strong. The relevant cosmological parameter used through out this work is H 0 = 75 km s −1 .
OBSERVATIONS AND DATA REDUCTION
The selected galaxies were observed using the 1.3-m Devasthal Fast Optical Telescope (DFOT) operated by Aryabhatta Research Institute of Observational Sciences (ARIES), Nainital, India. The galaxies were imaged in broad r-band and narrow-band Hα filters using a thinned, back-illuminated E2V 2k×2k CCD (plate scale = 0.54 ′′ pixel −1 ) having pixels size of 13.5 µm. The central wavelength (λ 0 ) of the Hα filter is at 6563 Å with a full width at halfmaxima (FWHM) of ∼100 Å. The observations were carried out on dark nights under the photometric sky conditions. At least one spectrophotometric standard star from Oke (1990) was observed in each night for calibration. The observed average Hα sensitivity was found as ∼ 5 × 10 −15 erg s −1 cm −2 arcsec −2 . The observation log is provided in Table 1 .
The observed data were reduced using the standard tasks under the IRAF (Image Reduction and Analysis Facility) developed by the National Optical Astronomy Observatory (NOAO). The reduction process includes flat-fielding, cosmic-ray removal, alignment of the frames, continuum subtraction from the Hα band image along with removal of other lines contamination in both broad and narrow-band filters. Finally, the Hα photometry was done. Apart from our own observations, the ancillary data at FUV, FIR and 1.4 GHz radio continuum wavebands were taken from the Galaxy Evolution Explore (GALEX), Infrared Astronomical Satellite (IRAS and Faint Images of Radio Sky at Twenty-centimeters (FIRST)/NRAO VLA Sky Survey (NVSS), respectively. The resulting photometric fluxes in optical and UV wavebands were corrected for both Galactic and internal extinction using reddening values provided in Table 1 , assuming Cardelli et al. (1989) extinction curve of R V = 3.1. All the steps involved in data reduction and analysis were performed exactly in the same manner as described in JO16.
RESULTS
The grey-scale r-band and continuum subtracted Hα images of galaxies in our sample are presented in Fig. 1 . These images show the distribution of star-forming regions and stellar component in galaxies. The Hα flux measured from continuum subtracted Hα image, corrected for dust extinction using Balmer decrement method and lines contamination are provided in online Table 2 . This table also compiles flux measured at FUV, FIR (20, 60 and 100 µm) and 1.4 GHz radio continuum wavebands. In online Table 3 , we provide luminosities and SFRs measured in all wavebands for the studied galaxies. These SFRs were estimated using the same calibration as described in JO16. In order to probe the consistency among various SFR indicators, comparison of Hα-based SFR with all other SFRs is shown in Fig 2. We have included here other 45 WR galaxies from LS10 and JO16 to make a statistically better comparison.
The Balmer decrement based dust extinction correction was done using the SDSS spectroscopic data obtained over a single bright star-forming region within 3" diameter and was assumed uniform throughout the galaxy extent. Such assumption may lead to uncertainty in the dust correction in UV band compared to Hα band. Additionally, this method may be sensitive to dust property and its relative distribution around star-forming regions in galaxies. We therefore used an alternative method known as infrared excess (IRX) method which is based on an energetic budget consideration and independent of the dust property (Hao et al. 2011) . Fig 3 (a) shows the comparison between two FUV luminosities corrected for the dust extinction using IRX and Balmer decrement methods. For IRX method, the total IR (TIR) emission is estimated using the FIR fluxes at 25, 60 and 100 µm using the same prescription given in Hao et al. (2011) . Fig 3 (b) and (c) shows the comparison of these two FUV luminosities with the Hα luminosity, including different models prediction based on various SFR prescriptions. In this figure, different SFR prescriptions are shown as Model 1 − 5. Model-1 represents widely used prescription of Kennicutt (1998) based on old 1990's generation stellar evolution models (see Kennicutt et al. 1994; Madau et al. 1998 ). It assumes a Salpeter IMF with stellar mass limits between 0.1 − 100 M ⊙ and constant star formation history lasting for 100 Myr having solar metallicity. Model-4 and 5 represent the same prescription as adopted in Kennicutt (1998) , with new stellar population synthesis models of STARBURST99 (Leitherer et al. 1999 ) and constant star formation history lasting for 100 Myr and 1 Gyr, respectively. Model-2 and 3 are constructed by adopting a more realistic Kroupa IMF (Kroupa & Weidner 2003) with mass limits of 0.1 − 100 M ⊙ , assuming constant star formation history lasting for 100 Myr and 1 Gyr, respectively. Fig 3 (d) presents the comparison between IRX and Hα based SFRs. In Fig. 4 (a) and (b), we respectively present the main sequence (MS; SFR-M * ), and sSFR-M * relations for WR galaxies. In these relations, we used SFRs derived from the IRX method.
DISCUSSION
In Fig 1, it is seen that most of the galaxies (e.g., NGC 1140, NGC 2481, Mrk 94, Mrk 750, IC 745, UGC 6805, NGC 4496 and Izw 97) show one of the following morphological features in their Hα/r-band images: lopsided stellar and Hα light distribution, plumes, tails and arc-like cometary structures, stellar bar and misalignment between ionized Hα and stellar disks. Since these features are believed as signs of tidal interaction/merger of galaxies (LS10; López-Sánchez et al. 2012, JO16), we therefore speculate that the studied galaxies are probably tidal interacting/merging candidates. Although the optical interacting/merging counterparts are not seen here, they might be low-luminous dwarfs or HI clouds. The Halpha
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Right Ascension (J2000) Declination (J2000) V) is estimated from the line flux ratio of f Hα / f Hβ using the relation given by Osterbrock (1989) . The value of f Hα / f Hβ is taken from MPA-JHU (Max Planck Institute for Astrophysics and Johns Hopkins University) emission line database. deep HI images of studied galaxies are highly desirable to confirm our speculation. Fig 2 shows that SFRs from different indicators are wellcorrelated and improved over previous studies performed in LS10 and JO16. In all the cases, slopes are now close to unity. The strongest correlation is seen between FUV and Hα-based SFRs with Spearman correlation coefficient of 0.97, while correlation between FIR-Hα and radio-Hα are identical at 0.96. Assuming that dust extinction plays a greater role in FUV band as compared to Hα band, uncertainty in extinction could lead to larger scatter in FUV-Hα correlation. Nevertheless, the scatter in FUV-Hα and FIR-Hα correlations are rather similar, implying that other uncertainty such as variation in IMF and starburst age are main factors for the observed scatter. Moreover, it can be noticed that radio-Hα based SFRs show a significant deviation at the low SFR end. This is probably appearing due to the same reason as mentioned in JO16 that WR galaxies are radio deficient due to lack of supernova events in nascent star formation (< 10 Myr).
In Fig 3 (a) , it can be clearly seen that Balmer decrement based FUV luminosity is underestimated compared to IRX based FUV luminosity. In agreement with this finding, it can also be noticed that the correlation between Balmer based FUV and Hα luminosity as shown in Fig 3 (b) is not consistent with different models prediction. However, the correlation between IRX based FUV and Hα lu-minosities are consistent with different models prediction and their predicated SFRs are also well-correlated having slope of ∼ 1.03 as shown in Fig 3 (c) and (d) , respectively. This inference implies that the distribution of dust relative to star-forming regions plays an important role and the IRX based SFRs can be used as true SFR estimates. Therefore, the IRX based SFRs were used in our MS and sSFR-M * relations. The consistency between the models and our fitted relation as shown in Fig. 3 (c) implies that the studied WR galaxies have probably experienced a continuous star formation at least for 1 Gyr over which the recent (< 10 Myr) starburst has taken place in the WR phase of galaxies.
The MS relation for normal star-forming galaxies is very tight, although it evolves positively with increasing redshifts (Brinchmann et al. 2004; Whitaker et al. 2014; Bisigello et al. 2018) . Those systems which show starburst or quenched scenario respectively lie above or below the MS relation, implying that the relation is very sensitive to various physical feedback processes acting in enhancement or quenching of star formation. Fig. 4 (a) represents the MS relation for nearby WR galaxies which is shown here for the first time in the literature. Similarly, Fig. 4 (b) represents the relation between sSFR and stellar mass for WR galaxies. In these figures, it can be seen that WR galaxies in our sample including other from LS10 and JO16 show linear relations within 1σ scatter of 0.97 dex (as shown by dashed-dot line). This derived re- lations for WR galaxies are very close to previously known MS relation (with an average scatter of 0.5 dex) drawn by Salim et al. (2007, ; as shown by dotted line) for nearby normal star-forming galaxies. This analysis implies that WR galaxies in nearby Universe evolve in a similar way as other normal star-forming galaxies evolve. Recently, it is established that galaxy mergers events can change the galaxy's position in either direction of MS relation by only small amount ∼ 0.1 dex (Pearson et al. 2019 ). Since WR galaxies in the present work are speculated as merging/interacting systems and other from LS10 and JO16 were already confirmed, a slight deviation in slope and a larger scatter in the derived MS relations compared to Salim's relations may therefore be appearing due to merging/interacting nature of the studied systems. However, a large sample of WR galaxies can make this conclusion even more strong.
CONCLUSIONS
The main conclusions of this study are as follows:
• The observed Hα and r-band morphologies of WR galaxies in our sample revealed the distributions of star-forming regions and stellar component. This morphological study led to speculate that the studied galaxies are potentially tidal interacting and/or merging candidates.
• In the studied WR galaxy sample, the Hα based SFRs are found to be well-correlated with SFRs derived using other indicators at FUV, FIR and radio wavebands. Nevertheless, a significant deviation between radio and Hα based SFRs at the low SFRs end indicates the deficiency of radio emission in WR galaxies due to lack of supernovae events in nascent starburst.
• Our study suggests that the IRX method gives the best SFR estimate, consistent with the different models prediction. These models suggest that the studied galaxies have probably experienced a continuous star formation at least for 1 Gyr over which the recent (< 10 Myr) starburst has taken place in the WR phase of galaxies.
• This study presents the MS relation for nearby WR galaxies for the first time and concludes that WR systems shows a similar linear relation as it is previously known for normal nearby starforming galaxies in the literature. This finding indicates that WR systems evolve similar to other nearby normal star-forming galaxies. However, the merging/interacting nature of WR galaxies can lead to slight change in slope and a larger scatter in the relation.
